discussed with specific examples looking at the metabolism of α-synuclein in serum and the brain.
It is often necessary to distinguish a target peptide from a mixture of other closely related species within a wide range of analyte concentrations. Mass spectrometry is frequently the method of choice for such analyses as it can selectively identify peptides by their nominal (precursor ion) mass and/or by using their fragment ion (product ion) spectra 1 . However the complexity of many biological samples often results in the simultaneous production of multiple precursors, even with on-line separation techniques such as during LC-MS. Most modern instruments can readily manage this situation and given sufficient time can systematically attempt to characterize one ion after another until all the available components are sampled. The disadvantage of this technique is the time taken to analyse each precursor, which in the case of very complex samples may be longer than the analyte is available (e.g.
during the duration of a chromatographic peak in which the analyte(s) are contained during an LC-MS experiment).
There are two targeted mass spectrometry techniques to more specifically detect specific peptides from a mixture. The first is "single ion monitoring" (SIM) or "multiple reaction monitoring" (MRM) where the mass spectrometer is configured to only detect molecules of a defined precursor m/z (mass), ignoring or excluding all others, allowing molecules of known mass to be identified with very high sensitivity 2 .
In complex mixtures it is particularly desirable to use additional information about the targeted molecule to identify it from closely related species of similar or identical mass. Thus the mass spectrometer is configured to monitor for the presence of a specific product ion that is formed by the fragmentation of a targeted precursor ion;
for example monitoring the intensity of a specific b ion formed by the fragmentation of a known peptide precursor.
The second technique for detection of target compounds in a complex mixture is called "precursor ion scanning" or "parent ion scan". In this instance prior knowledge of the molecule may not extend to knowledge of the precursor mass, but the molecule may be known to contain a certain component that would result in the presence of a diagnostic product ion. For example, Wilm et al. 3 report the detection of peptides at low femtomole levels using precursor ion scans by monitoring for the presence of the Leucine/Isoleucine immonium ions. They also demonstrated the selective detection of different subsets of tryptic peptides by using the y 1 ion corresponding to respective
Arginine or Lysine C-terminal residues, and the selective detection of phosphopeptides from a mixture by targeting the ion corresponding to PO 3 -fragment (m/z -79). These examples highlight the utility of this well established technique [4] [5] [6] [7] to perform targeted proteomic analysis on classes of peptides based on their generation of a unique fragment ion during MS/MS.
Both precursor scanning and SIM/MRM are limited by the necessity to have knowledge of the target precursor mass and/or the product ion mass for the class of molecules or the molecule of interest 1 . In a complex biological system often it is impossible to predict the mass of the natural form of a target peptide. This may be due to post-translational modification of the peptide, natural proteolytic processing or metabolism of the peptide from the parent biomolecule. This problem can be overcome to some extent by performing multiple precursor scans or MRM transitions, however the peptides "discovered" will always be limited by the assumptions regarding precursor m/z or product ion masses monitored in the respective experiments. Also, in many instances the total number of potential metabolites is so large that it becomes impractical to monitor all the possible MRM transitions to cover the candidate metabolites. It is therefore desirable to have an analytical technique which can selectively screen out target peptides from a complex mixture, in real time, that does not require the same assumptions as an MRM or precursor scan.
One approach to overcoming this problem has involved the use stable isotope labelling to enable the identification of naturally processed forms of proteins in complex biological mixtures. For example the identification of peptide epitopes derived from isotopically labelled protein antigens 8 . In this approach a search engine is used to retrospectively interrogate the data to identify isotopically labelled (i.e.
antigen derived) peptides that were observed in the first analytical run and then a second experiment is used to sequence the target peptides using an inclusion list for MS\MS analysis. The necessity to use multiple LC runs for the same sample makes this approach cumbersome and restricts identification of low abundance peptides. For very complex samples there is also the complication of co-eluting isobaric peptides that would interfere with the identification process.
Here we describe a variation of a precursor ion scan in conjunction with stable isotope labelling that allows real time discrimination of isotopically labelled material and triggers further MS/MS analysis for the identification and characterisation of these species. In this instance we assume that a target peptide derived from a uniformly 15 
Results
The principal of precursor ion scanning is very useful as it screens out those ions that do not meet the selection criteria. All that is required is a suitable diagnostic ion that can be used to define the presence of the target compound or class of compounds. We and others 3, 11 have shown that the low mass region of the product ion spectrum contains ions that could be used to distinguish different classes of peptides. We further elaborate on this idea by introducing the concept that for 15 N labelled peptides, diagnostic low mass ions can be used to distinguish these isotopically labelled species from endogenous peptides. In particular, all immonium ions 9 contain at least one nitrogen and hence all immonium ions formed from a 15 N labelled peptide will display a mass shift of at least 1amu. A calculation of the mass of all the 15 N immonium ions compared to all the unlabelled immonium ions revealed that, with the exception of 15 N Leu/Ile overlapping with unlabelled Asn, they produced unique fragment ions (Table 1) . Moreover, we have also empirically observed and validated several immonium ion related species that produce distinctive reporter ions for multiple 15 Nlabelled amino acid residues ( N precursor ion scan can be performed using any triple quadrupole mass spectrometer which is able to target a single fragment ion and then scan for precursor masses that give rise to the target ion. Thus 15 N peptides could be screened from a mixture by using, for example, the mass of the 15 N immonium ion of valine at m/z 73.
As shown in Figure 2 , a series of 15 Table 1 ) and as such was the best scanning functionality for this particular example.
Finally a precursor scan of 131 representing the Lysine immonium ion for which all Lys C peptides should generate a peak identified all but one anticipated peptide (L 6 ) again presumably due to failure of this peptide to yield a 131 immonium ion due to sequence context. Of note this peptide generated a strong 103 precursor scan signal.
An example of the MS/MS characterisation of the L4 peptide is shown in Fig 2E. Importantly any falsely selected BSA peptides were readily discriminated once the inappropriately triggered MS/MS spectrum was interrogated due to the unique nature of 15 N-fragment ions. Across the three individual precursor scans only 8 BSA peptides triggered an MS/MS experiment while there were 26 α−synuclein selections that covered all of the expected peptides. These data highlight the utility of using more than one precursor scan despite known sequence elements of the peptides, for instance the combination of 131 and 103 identified all anticipated α-synuclein Lys C peptides.
In the example above 15 N labelled peptides were screened out using a single precursor scan. However, not all naturally processed peptides will contain the specific amino acid used in the precursor ion scan even when overlapping reporter ions, such as the m/z 103 ion, are used. In addition to the 103 reporter ion, several other low mass ions have been observed in the fragmentation spectra of 15 N-labelled peptides that are shared between more than one amino acid residue allowing further potential coverage of peptides in a single experiment (Table 1) . Therefore by combining highly specific immonium ions and related ions it is possible to obtain high sequence coverage in a precursor scan experiment. Moreover, using an AB SCIEX 4000 QTRAP mass spectrometer, which can simultaneously monitor a maximum of 4 precursors, we designed multiple precursor scan experiments using low mass target ions that corresponded to amino acids that were known to produce immonium or related low mass ions 9 and were distributed as regularly as possible throughout the target protein sequence.
In order to fully assess the feasibility of using multiple precursor scans the complexity of the sample was increased by combining 10 pmol of a dual trypsin and V8 protease Thus five peptides derived from the labelled DHDPS peptides were specifically detected and sequenced in the multiple precursor scan. In order to eliminate the impact of the relatively long cycle time (>20s) for the multiple precursor scan, the same sample was analysed in individual precursor scan experiments. This allowed up to nine DHDPS peptides to be identified (Table 2 ). This time penalty was partially overcome in some experiments by selecting low mass target ions that cover more than one amino acid due to overlap between classical immonium ions and related low mass ions from other amino acids 9, 10 ( Table 1) .
Potential applications for this methodology include protein metabolism, bioequivalence and DMPK analyses [12] [13] [14] [15] . In order to demonstrate the ability of NIIPe to facilitate such analyses we examined the metabolism of exogenously administered 
Discussion
We have demonstrated that the use of The technique is particularly useful for the analyses of unanticipated species where other techniques such as MRM or targeted analyses are not feasible. The workflow provides new avenues for ADME and DMPK studies [16] [17] [18] [19] [20] [21] allowing deeper coverage of metabolites and the capacity to monitor rare species directly ex vivo. Thus, this method does not replace MRM or precursor scanning techniques; instead it is a method that can be used when the assumptions required for the former two techniques cannot be met, providing unparalleled depth of metabolite identification. In the example shown in this manuscript several differentially processed peptides derived from α-synuclein were identified in brain and serum extracts. α-synuclein is a small heat stable protein found associated with amyloid deposits in neurodegenerative diseases such as Parkinson's disease 22 and Alzheimer's disease 23 . Of interest one of the peptides identified in serum VTGTAVAQK is derived from the fibrillogenic hydrophobic core of α-synuclein that has been shown to facilitate fibril formation in other studies 24 . Several other applications are also under investigation in our laboratories. These include the identification and characterisation of peptide epitopes derived from an exogenous isotope labeled antigen after processing by antigen presenting cells 25 UltiMate 3000 capillary HPLC system at 8μl/min. Eluting peptides were analysed using an AB SCIEX 4000 QTRAP instrument fitted with a Turbo V ion source. For the immonium ion precursor scans, multiple 6 second precursor scans were performed using a collision energy ramp of 25 to 50 eV for a mass range of 400-1000 Da with a step size of 1.0 amu. Q1 resolution was set to low and Q3 was set to unit resolution.
Automated MS/MS selection was performed with an intensity threshold of 1.00 cps and triggered three enhanced product ion scans. These were performed using Q 0 trapping and rolling collision energy, scanning the mass range of 69-1500 Da with a LIT fill time of 40ms. A single MS scan was also looped into the method to provide more information for later analysis of the precursors available for selection. Total cycle time was ~28s for 4 precursor or ~20s for a triple precursor and ~15s for a double precursor scan. Conventional LC-MS/MS experiments using the 4000 Q TRAP were performed using the same chromatographic and ion source parameters as the precursor scan. A survey scan monitored masses from m/z 400 to 1600 and automated MS/MS was employed to target the top 2 precursors per scan, using rolling collision energy, Q 0 trapping, intensity threshold 1,000 cps, excluding former target ions for 60s, LIT fill time 50ms.
Data analysis. All the mass spectrometry data sets were analysed manually and peptides sequenced by de novo techniques. This was because of the inability of the available software tools to reliably work with 15 N labelled peptides. 
